the dopamine receptors is thought to contribute to the development of motor fluctuations, which are common after a few years of levodopa treatment and may substantially affect quality of life. 3, 4 Oral levodopa is highly effective but cannot be delivered in a controlled way because of its short plasma half-life and its erratic absorption due to slowed gastric emptying. 5 Dopamine agonists for oral administration have longer plasma half-lives than levodopa, thereby causing less pulsatile stimulation. However, the efficacy of the agonists is only partial compared with levodopa, and side effects are more common. Levodopa is therefore almost always needed in advanced PD.
In patients in whom all conventional pharmacotherapy has been tried, three main invasive therapies remain: subcutaneous infusion of apomorphine; intra-intestinal infusion of levodopa; and deep-brain stimulation (DBS). The choice of therapy involves striking a balance between the best possible symptom relief and a minimum of side effects.
This report will describe the use of intra-intestinal infusion of levodopa. The first study of duodenal infusion of levodopa was published in 1986 6 and confirmed the stabilising effects on motor fluctuations that had previously been demonstrated in studies with intravenous infusion. 7 
The Drug Delivery System
The first studies of intravenous and intraduodenal infusions of levodopa utilised water solutions of levodopa. The chemical properties of levodopa and carbidopa require large volumes of water for preparing one day's supply, which made the method laborious. 7 This problem was addressed with the development of a levodopa/carbidopa gel (Duodopa ® , Solvay Pharmaceuticals GmbH, Hannover, Germany). By using a gel of carboxymethylcellulose (2.92% carmellose sodium), the concentration of levodopa is 20mg/ml, making a cassette containing Both morning dose and infusion rate are fine-tuned over the course of the first few days to find the optimal dose that produces a continuous 'on' state without troublesome dyskinaesia. Adjustments of the infusion rate can be made in small increments of 2mg/h. The patient is discharged from the hospital after PEG surgery is completed, an optimal dose is found and the patient -or a relative -has learned how to handle the infusion system. This usually takes about one week. Follow-up should be carried out by a PD-specialised nurse or at an outpatient visit a few weeks later. Dosage may need to be adjusted after weeks to months, probably due to long-term plastic changes in the brain. The levodopa/carbidopa infusion has mostly been used as monotherapy, which is practical, but it may be combined with other anti-Parkinsonian drugs, especially for 'nondopaminergic' symptoms. Parkinson's Disease
Pharmacokinetics
Metabolism of levodopa/carbidopa is well known from studies on oral formulations. Levodopa is absorbed from the proximal small intestine (duodenum/jejunum) but not from the stomach; this is why the tip of the intestinal tube must be placed beyond the pylorus. Even if levodopa were continuously infused into the stomach, plasma concentrations would fluctuate significantly more than after duodenal/jejunal infusion. 8, 9 Fluctuation in plasma concentrations can be described with the coefficient of variation (CV), which is the standard deviation divided by mean plasma concentration. The CV of orally administered levodopa usually ranges from 25 to 70%, even in the presence of catechol-O-methyltransferase inhibitors. 9-11 CV of levodopa infused intra-intestinally is in the range of 6-20% -significantly lower than oral formulations. 9, 12 Mean plasma concentrations producing optimal response vary largely between patients, ranging from 0.5 to 7µg/ml (i.e. 2.5-35.5nmol/ml).
Effect on Motor and Non-motor Symptoms
Published studies with levodopa infusions show a decrease in 'off' time and a reduced severity of the symptomatology of the remaining 'off' periods. 7 For example, Nyholm et al. 13 In our experience, there is often also a substantial improvement regarding dyskinaesias, in terms of both time with dyskinaesias and dyskinaesia intensity, which develops more slowly during the first months of treatment (unpublished data). The fact that dyskinaesias improve even when similar total levodopa equivalence doses are used confirms that the most important factor behind dyskinaesia is not levodopa itself, but the pulsatile effect resulting from peroral delivery.
Some motor fluctuations may continue to occur, for example in relation to 'off' periods after highly protein-rich meals as well as 'off' periods or dyskinaesia periods associated with stress. It has also been repeatedly observed that patients tend to have rather more 'off' symptoms in the late afternoon/early evening, which is why the administration of a slightly higher drug dose in the afternoon/evening can be considered.
We have also observed improvements regarding psychiatric and psychological aspects of the disease (unpublished observations). Anxiety problems often improve under pump therapy. There also seems to be less tendency for dopaminergic-psychotic side effects under continuous levodopa/carbidopa delivery versus peroral therapy, in spite of similar total levodopa-equivalence doses. This could reflect an advantage to monotherapy levodopa/carbidopa over multiple dopaminergic drugs or continuous stimulation over pulsatile stimulation.
Technical Problems
The most frequent problems with Duodopa relate to the technical side of Long-term safety follow-up studies show no further unexpected side effects in long-term therapy (up to over 10 years).
Development of Tolerance
There is no evidence of tolerance developing with Duodopa therapy during the day. On the contrary, the dose can be reduced after the start of therapy in many patients (during the first few weeks or months). The situation is less clear with 24-hour therapy. In this instance, there are sporadic patient reports of possible development of tolerance. 7 However, most patients under 24-hour therapy do not show any signs of tolerance. 14 
Indications and Contraindications
The treatment is indicated for PD patients with fluctuations in the effect of oral antiparkinson medication. Peak-dose dyskinaesias can also be improved, and patients will have a maximal effect of L-dopa. There is no age limit and even elderly people can experience beneficial effects.
Dementia, however, makes the treatment more difficult to perform and negatively affects the outcome, and should therefore be seen as a relative contraindication. According to the manufacturer, Duodopa should be avoided in patients with hypersensitivity to levodopa or carbidopa, glaucoma, serious liver and kidney disease, severe heart failure, severe cardiac arrhythmias and recent stroke.
Duodopa versus Apomorphine Infusion
There are no comparative studies between Duodopa therapy and continuous subcutaneous infusion of apomorphine with portable pumps. These are both very potent therapies and the clinical experiences indicate that the maximal effects of the two therapies regarding motor symptoms are of a similar degree. It seems that more patients can be treated with monotherapy Duodopa compared with monotherapy apomorphine. This could indicate that the effect of levodopa infusion is slightly stronger or more complete. The most important factors in deciding between these two treatments are, however, the technical-practical aspects and the side effects. With levodopa infusion, a surgical intervention (PEG) is necessary; with apomorphine, this is not the case. With apomorphine infusion, local skin irritation (nodule formation) is frequent; with Duodopa, this is not the case. In patients on apomorphine therapy who develop numerous skin reactions, a change to Duodopa therapy can be considered.
Duodopa versus Deep Brain Stimulation
There are no comparative studies between Duodopa therapy and DBS available. The clinical experience is that the degree of effect regarding motor symptoms seems comparable. The fact that levodopa infusion has mainly mild and reversible side effects, while DBS has potentially severe and non-reversible side effects, suggests that infusion should at least be considered before DBS is performed. 
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With levodopa infusion, a surgical intervention (percutaneous endoscopic gastrostomy) is necessary; with apomorphine, this is not the case.
There is no evidence of tolerance developing with Duodopa therapy during the day. On the contrary, the dose can be reduced after the start of therapy in many patients (during the first few weeks or months).
